A two-dimensional gel electrophoresis system that combines a cationic polyacrylamide gel electrophoresis at pH near neutrality with sodium dodecyl sulfate-polyacrylamide gel electrophoresis was used to analyze the spectrum of basic polypeptides that accumulate in bean (Phaseolus vulgaris) abscission zones after treatment with ethylene. Results showed that, as abscission progressed, at least seven basic proteins accumulated in the abscission zone prior to the accumulation of 9.5 cellulase. Six of the seven proteins correspond to pathogenesis-related (PR) proteins. Among them, two isoforms of fl-1,3-glucanase and multiple isoforms of chitinase were identified. A 22 kilodalton polypeptide that accumulated to high levels was identified as a thaumatinlike protein by analysis of its N-terminal sequence (up to 20 amino acids) and its serological relationship with heterologous thaumatin antibodies. A 15 kilodalton polypeptide serologically related to PR P1 (p14) from tomato was identified as bean PR P1 (p14)-like protein. The kinetics of accumulation of glucanases, chitinases, thaumatin-like and PR P1 (pl4)-like proteins during ethylene treatment were similar and they showed that PR proteins accumulated in abscission zones prior to the increase in 9.5 cellulase. Addition of indoleacetic acid, a potent inhibitor of abscission, reduced the accumulation of these proteins to a similar extent (60%). The synchronized accumulation of this set of PR proteins, early in the abscission process, may play a role in induced resistance to possible fungal attack after a plant part is shed. The seventh protein does not correspond to any previously characterized PR protein. This new 45 kilodalton polypeptide accumulated in abscission zones on exposure to ethylene concomitantly with the increase in 9.5 cellulase. Its N-terminal sequence (up to 15 amino acids) showed some homology with the amino terminal sequence of chitinase. Polyclonal antibodies against chitinase recognized the 45 kilodalton polypeptide, but polyclonal antibodies against the 45 kilodalton protein recognized chitinase weakly. When abscission was inhibited by addition of indoleacetic acid, the accumulation of the 45 kilodalton protein was strongly inhibited (80%). This result suggests that the 45 kilodalton polypeptide may play a more direct role in abscission.
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known, however, that RNA and protein synthesis are required for abscission to occur (2); after ethylene treatment, abscission zones respond with the induction and accumulation of new proteins (12, 13) ; and after fracture, the cells of the scar surface, when viewed under scanning electron microscopy, appear rounded as if they were protoplasts (21) . Thus, abscission involves the expression, synthesis, and secretion of hydrolytic enzymes in a highly coordinated manner. In bean, a cellulase, referred to as 9.5 cellulase, has been implicated in abscission. This cellulase is induced by ethylene and accumulates to high levels in the abscission zone (25) . The increase in activity of 9.5 cellulase has been correlated with the decrease in break-strength in the separation layer (9) . The enzyme occurs in the cortical cells of the separation layer and it is also found associated with the vascular bundles of tissues adjacent to the separation layer (7) . Overall, these results indicate that this cellulase plays an important role in abscission. Yet, it is unlikely that cellulase alone is sufficient to account for cell separation, which involves the breakdown of the cell wall and the middle lamella. In fact, addition of purified 9 .5 cellulase to plant cells growing in tissue culture cannot form protoplasts unless cellulase is added in combination with fungal pectinase (15) . Also, the increase in cellulase message and protein, after the addition of ethylene, is preceded by a long lag period of 24 to 30 h (25) . Thus, it is possible that cellulase is preceded by the hydrolytic action of other enzymes. This motivated further examination of the spectrum of polypeptides that accumulate in abscission zones after induction of abscission by ethylene. This paper reports that six of the seven proteins that accumulated in bean abscission zones prior to the increase in 9.5 cellulase correspond to PR2 proteins, including a 3-1,3-glucanase (1) and a chitinase (12) , which have been shown previously to accumulate in bean abscission zones during ethylene treatment. The seventh protein does not correspond to any previously characterized PR protein; it accumulated in abscission zones on exposure to ethylene concomitantly with the increase in 9.5 cellulase, and its accumulation was strongly inhibited by addition of IAA. Abscission is a catabolic cell wall process that leads to the shedding of a plant organ. Tissue fracture involves cell separation in the two or three rows of cells at the fracture plane (20) . Ethylene induces or accelerates abscission, whereas auxin inhibits or delays abscission (20) . The (24) . The gels were developed at 1 5sC for 6 h at 20 mA constant current. Proteins were stained with 0.1% (w/v) Coomassie brilliant blue R-250 in 40% methanol, 10% acetic acid, or stained with silver according to Bio-Rad manufacturer instructions.
B-1,3-Glucanase, Chitinase, and Cellulase Enzyme Assays in Gels Proteins (900 pg/sample) were separated on a preparative cationic PAGE at pH near neutrality. After electrophoresis, gel strips (2 cm wide) were cut. Each strip was sliced into 0.5 x 2 cm slices and these were incubated for 15 h at 4°C in 1 mL 20 mm Tris-HCl, pH 8.0, containing 3 mM EDTA and 0.5 M NaCl. The eluate was collected and used for enzyme assays. Cellulase activity was determined on the eluate using the viscometric assay described by Durbin and Lewis (10) .
The assay mixture contained 100 gL eluate and 200 gL 1% CM-cellulose at pH 7.5. The mixture was incubated at 25°C for 1 h. Activity of,B-1,3-glucanase was determined by a modification of a colorimetric assay (8) . The assay mixture contained 490 ,L 0.1% reduced laminarin in 10 mM potassium phosphate buffer, pH 5.25, and 10 uL eluate. After incubation at 37°C for 30 min, the amount of reducing sugars that had been released was determined. Chitinase activity was determined by measuring the release of N-acetyl-D-glucosamine from colloidal chitin prepared according to Reissig et al. (18) . The 
SDS-PAGE and Immunoblotting Analysis
One-dimensional SDS-PAGE was performed according to Laemmli (14) using 12% (w/v) polyacrylamide gels. After electrophoresis on one or two dimensions, proteins were electrotransferred to nitrocellulose sheets, blocked with 3% (w/v) gelatin, and incubated overnight at room temperature with the respective polyclonal antibodies. CATIONIC PAGE Figure 3 . Two-dimensional PAGE of proteins from abscission zones before (left) and after abscission (right). Crude protein extracts from 40 abscission zones were precipitated with cold acetone, resuspended in a small volume, and subjected to cationic PAGE at pH near neutrality (first dimension) and subsequently to SDS-PAGE (second dimension).
BEFORE ABSCISSION AFTER ABSCISSION
dimensional gel system that combined the cationic PAGE at pH near neutrality in the first dimension with SDS-PAGE in the second dimension. Figure 3 shows the spectrum of polypeptides resolved by this system before and after ethylene treatment. Consistent with results from the analysis in the first dimension ( Fig. 2A) , five major polypeptides appeared and accumulated to high levels after ethylene treatment.
Following the nomenclature introduced in Figure 2A , Polyclonal antibodies against two-dimensional polyacrylamide gel-purified proteins from ethylene-treated abscission zones were prepared. They were used to analyze the immunological relationship among the various proteins that appeared in the abscission zone after ethylene treatment using two-dimensional PAGE immunoblots. Figure 5A shows Figure 4 showing the N-terminal sequence homology among proteins No. 8, No. 9, and No. 5. Antibodies raised against tomato PR P1 (p14) immunoreacted (Fig. SC) potent inhibitor of abscission, on the accumulation of these polypeptides. Samples were separated on SDS-PAGE, electrotransferred to nitrocellulose, and immunodetected with the appropriate polyclonal antibodies. The intensity of the immunolabel was quantitated by laser densitometry as shown in Figure 6 . On SDS-PAGE, multiple isoforms of chitinase or fl-1,3-glucanase were indistinguishable. Therefore, the intensity of the immunolabel band represents a pool of all isoforms. Results showed that the 9.5 cellulose, which increases concomitantly with the decline in tissue integrity (9), was not detected at time zero and was detected at very low levels after 24 h of ethylene treatment (2% of the maximum). However, between 24 and 48 h of ethylene treatment, the 9.5 cellulose protein accumulated up to 60% of the maximum detected after 72 h of ethylene treatment. Consistent with a previous report (25) , these results also show that 9.5 cellulose was not 
DISCUSSION
Analysis of the spectrum of polypeptides of bean abscission zones after ethylene-induced abscission demonstrated the accumulation of several basic proteins. These proteins can be separated with good resolution by a two-dimensional PAGE system that combines cationic PAGE at pH near neutrality in the first dimension with SDS-PAGE in the second dimension. Several isoforms of chitinase and two isoforms of 13-1,3-glucanase were identified with this system. In each case, the isoforms were antigenically related and indistinguishable by SDS-PAGE. In addition, a thaumatin-like protein, a PR P1 (pl4)-like protein, the 9.5 cellulase, and a new protein of 45 kD were also identified. The 45 kD protein shares immunological determinants and partial sequence homology with the N-terminal residues of proteins that bind or hydrolyze chitin. Specifically, homology was found with the cysteine-rich domain of basic chitinases and proteins that bind chitin but do not have chitinase activity, like the wound-induced proteins winl and win2 of potato (23) .
The two isoforms of 13-1 ,3-glucanase appeared to be distinct molecular species because they also occur in the presence of urea, suggesting that they are not different molecular mass aggregates. A recent report showed that 13-1,3-glucanase appears to be encoded by a single gene in several bean cultivars (11) . Thus, the two isoforms of 13-1,3-glucanase resolved here may result from posttranslational processing of a single gene product. In contrast, bean chitinase is encoded by a multigene family consisting of at least three members (4) . The (27) .
The role of the 45 kD protein is intriguing; this protein accumulated concomitantly with 9.5 cellulase, and when tissue fracture was inhibited by addition of IAA its accumulation was strongly inhibited (80%). These correlations suggest that this protein may have a more direct role in abscission. The abundance of the 45 kD protein, in contrast with the 9.5 cellulase, suggests that this protein may not be restricted solely to the cells ofthe separation layer. Experiments are in progress to determine the tissue specificity of this protein and its possible role in abscission.
